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(54) CnOCOB H3rOTOBJlEHHfl rCKDPHPO- 
BAHHOTO CTA/lbHOrO n/IACTblP9 
(57)CyiMHOCTb M3o6peieHMfi: TepMoo6pa6oTKy 
nnacTwpP toksmm Bucoxot* wacTOTbi ocymecr- 
en«K>r nocne ro<J>pwpoBaMw«. a cm330mmum 
c/iofl HaHOCflT noaTOpHO noc/ie ox/iaxAGHWR. 
npeAnaraeMWd cnocofc noaeonneT aa c*er no- 
euuieHun n/iacTMMMbJx cboActb MeTan/ia na- 
AexHO o6ecneMHTb repMe™3auwK> 
peMOHmpyeMOro ysacTKa CKBancM«w. 1 rao/i. 



l4sa6pereMMe othocmtc* k o6pa6oTxe Me* 
Taiina AaB^OHMeM* & MacTHOCT* k TexHonorwK 
MaroroaneHrtH ro^pupoaaHHux Tpy6. 

OCHOBHUMH OWpaUVWMM B TeXHOflOrMMe- 

ckom npouecce MsrOToaneMWR tohkoctchhmx 
r<xt>pMpoBaMHWX Tpy6 »B**eTC« xo/iOAnaa Ae- 
<£opMaun*,*Hanp«Mep eonoMeMue w npoxsTxa 
tpyb, xwMw*ec*aa o5pa6oTxa. TepM*«ecxa« 
o6pa6orica ana chatm* ocraTOMMwx Hanpaxe- 
Hwfl« B03HMicaiomwx b peay/ibTate Ae<J>opMa- 

UMW H np04rtt/l*pOB3HM» MBTOAOM HB WHICH. 

M3BectiaH cnoco6 vororoaneHHfl Tpy6 c 
npOAonbHirfMrt axfrpaM* nyreM AayxaTanHoro 
<t>opMOB3HVW Tpy6w'3arOTOBicw, npwMOM na 
nepeoM 3T*ne ee ro4>pwpyxyr paAwanbHUMW 
ycMnwjiwM, a Ha btopom aTane Oe^HMdlOT B 
npo^w/wpoaaMMOfi ao/ioxe. 

OA"aco 0O3HM<aioiuMe b pe3ynbTare 
c/toxtHOfl A©4>opMauH*i ocTdTosHwe Hanpaxe- 
hmd Me nato? AoctaTosHOM nonepewoft npos- 
hoctw, weTan* CTanoBMTc* xpynxwM m 



HenpnroAeH b xaMecrae «tnacTWp» npn peMOn- 
-re o6caAHoA KOiiOHHw a CKBax* hc. 

J\n* CHATM* OCTBtOMHblX MBnpBiKBMMVt Tpy- 

6u noABepraiOYTepMUMBCKOft o6pa6oTKe - ot- 
acviry b nenax mna nCOH)6 *m P-O-09 w 
nony^eHwa Ma Tpy6ax oicmcmoCi nnenicM. bw- 
nonMfl«me^ 4>yHKUMM noAMasoMHoro noxpu- 
tmr « o6naAatome<* AocTaro^Mow 
nopwcTOCTbK) « aACOp6i4MOHMO^ cnoco6no- 

CtbK) K CMB3<e, 

M3BecTeH Tax3He cnoco6, npM kotopom 
TOMxocTeMMMB npo^M/ibHwe tpyOw npaBRT 
pacm)KeH«eM w pa3A3*«e& c MarpeaoM ria anex- 
TporepMMMecxoM o6opyA068HWH. CnaMa/ia 3a- 
roroBxy Tpy6w MarpeaaiOT tok3mh 
conpOTMBABMvifl ao TBMnepaTyptj OTxwra, a 
ssTew nocne ox/ia*AeHn* pa3Aa»or npn noMO- 

UIM KOHWMeCKO* oopaBKn. 

HaAOCTaTOK cnoco6a 38ioi»HaeTCw a tom. 

HTOHP0 H3il03KeHMM flABCTbip^ H3 HOOTOXXert' 
Hb»X TPyO MOXCT rtpOWCxOAKTb P33PW6 no 

npo4yti/ibMO^ oopaiyomert. 3 npw «anoxenwvt 
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nnaciwpfl us otoaokcmhwx TpyG c nocne/iY»0- 
lUMM ro4>pMpoeaM M eMMO^eT npoMCxOA"T*»oO~ 
paaoeaHne.MUKpofpeiunH bo enaAHnax m na 
e wcrynax op0A0Ab*wx ro<J>p npn Ae<t>opM3uvin 
mx ao uwnwHAPMHecicOM 4>opMw, icorAa ee nnov 
ho npHxviMaxn (HaxBTnaatOT) Aopnupyiomea 
ronOBxoa * BuyTpeMHe^ noBepxNOCYu o6caA- 
HOOi koaohhm. B pe3y/»t>Tare ne o6ecnemiaa- 
eTca HaAti^HOdb repMeTvtaauww M3-3a 
hm3»com n/iacTMMHOCTvi MeTanAa ro^pupoean- 
HOro n/iacTbtpa. 

Ueflbio n3o6pereHM« ^annexca nosbiuje- 
Hue H3Ae>KM0CTM repMeTM33Unw o6ca>KeKMoa 

CKB35KMHU nyTeM nOBblUieHM« nnaCTMMHOCTVJ 

MeTanna nnacTbipvi. 

CyiuHoctb M3o6peTfiHMfl saxniOMaeTca a 

TOM. HTO T6pM006pa60TKy T0K3MM BMCOKOVi Ma- 

ctotw ocytueCTBn»»oT nocne ro<t>pwpoBaHvtfl, a 

-33TeM nOBTOpHO HSHOCflT CMa30MHbI* CnOM. 

B peaynbiaie 3K3KonepeMeHHb*x Ae<J>op- 
MaunA, KOTOpwM noAoepraeicfl Meran/ia xpy6 
npw fo^p^pOBanwn xax b npouecce iwotob- 
ncHMfl nnacTbipew. Tax m npu pa3Aane a npo- 
uecce yCT3M06KM B CKB3KVlHaX. npOMCXOA"T 

3nasMTenbHoe ynpoHHetivie MeTanna, npwMCM 
Hau6oflbUjne 3HaMeHM« ynpOMHenw* npwxoA- 
$nc« na anaAwHW ro<t>pwpoeaHHMx Tpy6. 

M3MeneHiie tbcpaoctm (Hv) dan* MapKM 
10 npu TepMOo6pa6oTxe. ro<t>pupoeaHMn w 
paaAa^e rinaCTwp« noxa3aHO a ra6nwue. 

1/13 Ta6nwuw bmaho. MTOTeepAOCTb MeTan- 
na nnacTbipa nocne pasaaw a oGcaAHoA Tpy- 
6e AOCTwraeT Han6onbujMx 3HaHeHwCi, ecnw 
nnacTupt^ w3roTaBAWBanc« m3 H6TepM0o6pa- 
6oraHHOti Tpy6w. npvi w3roTOBneMMW nnactw- 
pew H3 npeAaapvirenbHO TepMO06pa6oTaMHbix 
Kpyrnbix Tpy6 npn ro<|>pvipoBaHUM reepAOCTb 
MecKOrtbxo CHwxaerc* no cpaBMewtiio c Herep- 
M0o6pa6oTaHHbiMn 3aroToexaMH. ho nocne 

P33A3MM TBCpAOCTb 003paCT3er OOMTM AO TO* 

xe BenuMMHw. mto w 6es TepMOo6pa6oTKw. Oo- 
cne repMnsecKOi^ o6pa6oTKW roct>pvipoB3HHwx 
ipy6 c H-arpeeoM tok3mh bmcokow xacxoTw 
roepAocTb mx cHvwaeTCR 3HasMTenbHo. a no- 
cne pa3AaMw ona MeHbiue, mcm y neTepMOo6- 

pa60T3HHblX. 

B oTnunne ot neMHOfo hah rasoeoro Ha- 
rpeaa npi* o6pa&oTKe saroTOBxvi ToxaMM bwco- 
koA MacTOTW npovicxoAMT He3HaHMTenbHoe 
M3M6H6M%^6 <$>opMu ee npo<J>vin«. Ha nooepxHo- 
ctm ipy6u o6pa3yeTc« tohxm* enow oxanwuw, 
KOTOpwM «ne oTcnawsaeTCH b npouecce Ae<t>op~ 

- 0a3AaMM. CM330MHWM CAO* H3HOCMT- 

cn na BHyrpenHioio noBepxMOCTb 
oTO)K>xeMHbix npoAonbHo-ro<t>pnpoBaHHbix 
rpy6 nocne mx oxnsxAeHMR. Oh npeAOxpanneT 
BHyrpoMH K)K> noeepxMOcrb ot KOppoawoHHor o 
pa3pyuieHM» e nponecce axcnnyaTSUMH m chm- 
*enM« oceobix ycw/iMM e npouecce pa3AaMM 
nnaCTWpeM. — 



O p m m e p. An» peMOHta oGcaAHOM ko- 

AOMHbi ^MrlMCTpOM 1 46 MM C TOAIUHHOM CT6HICM 

8 mm nnactbipb naroraBnMeaKJT wa tohkoctch- 

HOM Tpy6bl AK3MetpOM 130 MM C TOniUMHOM 

5 cTenxM 3 mm cranw Mapxn 10. flnwHa Tpy6w 
9-11.5 m. 

Ha BHyrpeHHioJO noaepxHOCTb Tpy6u «a- 

HOCAT C/lOM rp3<t>MT0B0M MAM APyfOM CM33KM. 

npeAH33H3HCHHOM A^n CHMxeenww ycunuM ro<t>- 

10 pwpOB3HMfl. ro<{)pMpOeaHWe UHAMHApM^eCKOM 
TpyObl npOM3BOA*T H3 CneuH3AbHOH yCTSHOB- 

xe nepe3 ponviKoayx) ronOBxy c enyTpeHHeM 
npo4>wnbHO*onpaeKOM. nonyMseTCR npoAonb- 
H0-ro<t>pvip0BaHH3» tpy6a c HapyxHwM Awa- 
15 MeipoM 116 mm m mmcaom ro4>P 6 mavi 8. 3aTeM 
npovi3BOAviTC« pnxTOaxa ro<J)pMpoBaHHOM Tpy- 
Gw nocne oTpeaxn ee na 33AaHMyio A^nny. 

3areM npon3BOA^TCH TepMMMecxas o6pa- 
6otk3 npOAonbHo-ro<t>pwpooaHHo* rpy6u - 
20 H0pManvi3auM« c narpeBOM toxsmw bwcokom 
Macrotbt na yciatiODxe BMT 30/6. npvi stom 
npoAOAbHo-ro^pvipoeaHHan rp y 6a ycTanaB- 
AMBaeTcn ropwaoHTsnbno Ha poamkobux ono- 
pax vi c onpeAeneHMOfl cxopocTbK) 
25 npoABuraexcfl ^epe3 whayktop. 

OxnaxAeHwe Tpy6bi npow380Av»Tc» na 
eo3AVxe. CMaaxa. KOTOpaw 6wna H3HeceH3 ne- 
peA ro^pwpoBaHneM. Bwrop3ei, 

T3k xax b cKoa>KMHe npvi ycTSHoaxe nA3- 
30 CTbip» a MHTepeaAe peMOHia npovtaeOAHtcp 
paaAa^a nnacrwpn ao xpyrnoM <t>opMb< m npw* 
>K3tvin k CTeHKe o6caA«ow Tpy6w. to npw stom 

803HMXa»OT 60AbUJ*e KOHTaKTHbte Harpy3KM 

Me^Ay nnacTwpeM m MHCTpyMeHToM Ann pas- 
35 AasK. Aah CHvixeHun 3TMX Harpy30X na BHyr- 
peHHioK) nosep^HOCTb nnacTwpn h3hocmtc» 

BTOPWMHO CM330MHWM CA0(i, KOTOpbll?! CnyttWT 

xax aah chM^envifl ycviAMM, b03hmk3K)iumx npn 
pa3A3^e nnacTbipn, rax m Ann npeAOxpaHenun 
40 3xofl nosepxHocTM ot xoppoawoHHoro p33py 
ojeHMfl b npouecce 3KcnnyaT3U*vi. 

CoMeTaHMe TepMWMecxo^ o6pa6oTKM nna- 
CTwpeft nocne ro^pMpoaaHMa « H3HSceHMe 

CM330MHOrO CHOP H3 BHyTpeHHlOfO HOBepX- 

45 HOCTb nocne tepMMMecxoM o6pa6oTXW no3eo- 
nnwT noewcviTb- nnacTvtsHOCTb MeTann3 
nnacTyp o6ecneMMTb GnaroAapn stomy hs- 
AexcHOCTt, repMeTH3auwn peMOHTMpyeMOn 
' cxeawwHu. 

SO 

<X> opMyna M3o6peTenM» 



CnocoG M3roToeneHM« ro^pwpoeaHHoro 
CTanbHoro nnacTwpa. npewMyiuecTBeHHO a/i» 
55 peMonra o6ca>xeHHow exes**™. bkak>m3»o- 
Kixvxvi T epMOo6p360Txy 33roxoaxM. Hsuecenue 
C M330MHoro enew Ha BHyTpeHHK}K) noaepxnocTb 
aaroToaxM m ee ro^p^poBaHwe. oTAviMa»oiuHW- 
c fl TeM. mto. c uenbK) noebiiuCMvw h3Ag^hoctu 
repMetK33Uvivi o6ca>xeHHOM cxenxwHw nyrew no- 
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BbiujeMMH nnacrvmnocri/i MeTanna n/iacTMpst. ocymeCTB/ifltOT nocne ro^pMpoeaMwo. a 3aieM 
TepMOo6pa60TKy tokSmm obicoKort sactOTu nOBTopno naMocur cMa30M*utf enow. 





8ma o6ds6otkh 


Mwe MaTcpwana 


Ao ro4>pMpoeaHMfl 


Hoc/ie ro4>pnpo- | 


TepMOo5pa6orica 
nocne ixxfcpwpoaa- 
mma (M0pMann3a- 
UMfl) c HdrpeBOM 

TOKSMM BWCCT 
KOvi M3CTOTWI 


noote paaflaMw 


6ea Tepwoo6pa- 

60TICM 


1570 


1750 




2020 


C TepMod6pa6or- 

KO<* 


1350 


1660 




1966 


Bes TepwooGpa- 

60TKM 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example, For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 



1749267 
6 

is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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